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1 

fle ° OVegy °* "^-gerron^ metals ^ sgjAggog 

This invention relates to the reeowerv «<= * .a 

, , , recovery of non-ferrous metals from 

zinc-bearing residues, in particular ft-™, „ 
_ fcur^icuj.ar from residues produced by the 

S zinc manufacturing industry. 

Blende, which is an impure ZnS ak> j _ . v . 

6118 ° re ' la the main starting material for 
^production of 2ta . typical J cona>aesaa 

-ices of the impurxties. m subsequent steps, the Zno in roasted 
blende xs brought into solution by leaching in neutral conditions or 
in acidic conditions, thereby producing ^-depleted resides 

respectively referred to as neutral loach residue and as weak acid 
leach residue in this description a < 

„ p w ' However, during roasting, part of 

the Z n reacts with Pe, a typical impurity present in blende, Ld 
forms relatively insoluble zinc ferrite. The leach residues therefore 
contain, besides lead sulphate, calcium sulphate and other 
impurities, a sizeable fraction of zn in the form of ferrite 
According to present practice, the recovery of the Zn from ferrlte 
regies a specific hydro-metallurgical residue treatment using high 
acid concentrations of 50 to 200 a/i H .so * aa „ 

... . 3/i H * S Q«- A disadvantage of this 

acidic treatment is that besides «. fl1fc _ . „ 

1mn , lHHoc „ . „ <1SS Za ' al£nost all the Pe and also other 

impurities such as As. cu, Cd. Ni, Co. Tl, S b are dissolved. As even 
low concentrations of these elements interfere with the subsequent 
25 electrowinning of zn. they must be removed from the zin.^Zte 
solution. While Cu. Cd Co km mi . euxpxiace 

zn ^ * e t v 4, ^ipitated by addition of 

zn powder, Pe is typically discarded as hematite, rlarosite or 
goethite through hydrolysis. Due to the danger of washout of heavy 
metals these Pe-bearing residues have to be disposed off in a well- 
controlled landfill, X,and-filling of such residues has however come 
under heavy environmental pressure, rendering the attainability^ 
the process questionable. Another drawback of the above treatment is 
the loss of metals such as m, Ge. Ag and Zn in the Pe-bearin* 
residue. 3 
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35 



An alternative treatment of the ferrite bearing residues is applied 
in some plants, using Waelz kixne, which produce a slag and a L and 
Pb contaxnxng fume. Similarly, a rotary flame-fired furnace of the 
Borschel type can be used in a batch process. Xn still anoLer 
40 approach, the leach residue is processed, using cok e as fuel, in a 
half shaft Mast furnace, producing a Zn and Pb containing^ 
matte and slag. These pyro-metallurgieal treatments generally result 
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in 3X1 e3ccellgnt recove ry of Zn and Pb snrf * A 

^Hcant"^^ 

These processes are however inadequate *™ ^ 
5 they cannot be scaled up to J^S, ^ a ** lterS ' ** 

fact, they are not a .^L^^^ ° Peratioas - * this 

a cost efficient solution for today's Zn smelters. 

Although numerous Zn fuming processes have been d* a «HW 
literature concentrates on the t^^f^^' p ^ 
I secondary residues, such as EAF dusts. Ia this rest^ Li 

avoiding the —t^S^ ~ S T^TlT^ °~ 

metallic Pe . Thxs process is well suited for tr^tw «. 

such as eaf dust, hut fails to produce ! *ood 1 ^ ^ *-* 

low-Fe, highly contaminated which ,t *"* ^ ^ 

invention, in such a case aT^T 2 f ° f this ' 

o* 86 *' tne produced Dri indeed locks i„ 
as Cu, Ag and Ge and is therefore ^..v, / I *efcals such 

by the steel industry. stable for further processing 

The primary aim of the invention is" to nrov^ V "~ v 

separation and recovery of a wide rani Z ' !" ' Pr ° CeSS **• 

Cu. Ag, cs and Zn from residues L ^ V " tM * M * u " 

moreover, the process Zl ^rl " & ? 

output for Pe. The actT val^™^^ ™* le 

and to its rather low intrinsic value *h,= M < ™«»««* residues 
Process for the valorisation of ^Ii^ T* Z TZ 1 * 
bearing residue, comprising the steps of- ' 

;ro^c eCtin9 T * d±r - 0t thereby 

produce a reduced Pe-beariug phase and Zn- and Ph-bearing^t 

^extracting the Zn- and Pb-bearing first fumes and valorising zn and 

- subjecting the reduced Fe-bearing phase to an oxidising 

ste *< «*-*Y Producing an Fe-bearing slacr LTZ » ain6lt ^ 
fumes; ff d s * cond ratals-bearing 

- extracting the second mBtals-beAiHnrr «^~^ 

Part of their metallic content. valorising at least 

The Zn-. Pe— and Pb-bearing residue may be a neu^i i . 

a weak acid leach residue. The fluidi^ ^ IT ° r 

fluidity of the slag can be enhanced 
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the formation of mainly FeO. The presence of m»«-*wi 
acidic flux such as sand and, prefer^ It ° f ~ 

lime, limestone or dolomite «SI ^ 1 * aSlC ^ ** 
5 allowing for a lower working tZ^ZT ^ "~ 

bearong phase may be oollected in a separate Cu-bearing phase Lino 
the oxidising smelting step. P during 

10 

If the Zn-, p e - and Pb-bearing residue also contains Ge the £r*^ 

reduction step, may be separated and forwarded to the oxidisL 
smeltin, step. This separation of Ge is preferably p erfo ^^ Co 

same principles apply for in. ™ e 

^! fUmeB ^—^geously be oxidised in the reactor used 

for the direct reduction step. use<a 

20 

*he Reactor used for the direct reduction step can ba a 

hearth, furnace? the reactor for Hip «v^4 , lplQ 

submerged lance furnace. XldiSin3 SmelCin9 9te » c *» - 

25 The details of che invention are now discussed. The first sten 
consists of the reduction of the residue, after of ^ 

reductants such as natural gas, coal or cokes, and possibly fluxes 
such as limestone (caCo.) to a^oid sintering of the load Lr^ 
producing Z*- and Pb-bearing fumes ^ a ^-bearing phte ^ 

30 containing besides *e. valuable metals such as L iTZ Through 
ieachxng of these fumes, Zn ^ Pb can be SBparated in a ° Uflh 

Zs!nf f ^ * Zn - C ° nfcalnlng le *<*^ li^or. Ge. if 

Present, is also dissolved in the leaching liguor, and can be 
preoxpxtated as a Ge-containing residue and fed to the oxidising 
35 furnace, further enhancing the global Go -recovery. * 

The bhi bearing phase is smelted and oxidised in a second furnace 

~ TZtTlTl'l ° £ ldmeSt0ne **« - oxidation : f ', e 

40 in IliT ^° 3 ' iS ^ rtic ^V exothermic and brings 

eV iof%T ettth * 11 *" ^ e PX ° CeSS — ^ autogenous. ^ Ten 

is oxidised to ^ ~^ f jr rs^r the Fe 
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temperature of the s i ag emails dW^ntaggg such aa incr^ H 
Uning wear and higher energy demands. The fact that re Is slagged 



instead of being recovered a, a metal, is a ^ p , ice CQ 

1" r 6llent SeE>aration - d —overy of the no n - S «xou S 
metals. The a l ag appears to be environmentally acceptable and can 
even be waded as gravel substitute In concrete. Next to t„ is Blag, 
two other streams can be recovered in this operation, fumes, 
typically containing Ge and m. a »a « Cu-bearing phase containing 
precious metals such as Ag. This phase can be refined in a classical 
Cu or precious metals flowsheet, separating the Cu and Ag in a Cu- 
nch and a Ag-rich stream. The fumes can be leached and used as 
feedstock for the production of Ge. 

Useful reactor types such as multiple hearth furnaces and submerged 

lance furnaces lend themselves to the w™. ^ i , 

aacnrt^* , , 9e Bin 9le-vsssel operations 

described on this invention. The Overall process is energy efficient, 
bears low operational costs and ensures a high metal value recovery 
The invention thus provide* for an e 9s entiall y waste-free process 
that can compete economically with hydro-metallurgical Z n residue 
treatments. 



-^^^ the separation of different non- 

ferrous metals contained in a roasted and a^eguentiy inched 
blende The analysis of the different feeds and productions are given 
in Table 1, together with the material balance. 

10.000 g of weak acid leach residue, which mainly consists of zinc 
ferrite (SnO.Fe^), lead sulphate (Pbso,) . calcium sulphate (CaSOJ 
zinc sulphate (ZnSQ.) and pities like ^ s ^ jjgo, A1 2 0 5 , ^ 
SnO, is dried and thoroughly mixed with 3.000 g cokes, having a 
purity of >85% C. The amount of cokes is calculated in order to 
reduce Fe and the other metals in the DM, and fume Zn and the other 
metals xn the fumes, with an excess of around 5% to handle 
fluctuations in the feed composition. The metal content of the leach 
residue is given in Table 1, where "others- refers to the impurities 
summed up above and to the bound oxygen and sulphur. For the cokes, 
"Others- refers to its ash content. H o flux was added in thi s 
experiment. 

The mixture is then loaded in a direct reduction furnace with an 
internal diameter of 454 mm and a height of 470 mm. Two arms are 
perpendicularly attached to a central shaft. The shaft is rotating at 
2 rpm. rour teeth are located on each arm. which continuously stir 
the load. The teeth are positioned in such a way that one axm pushes 
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opposite direction, resulting la a continuous stirrlag of thQ tta 
wxthout p ilin g „ ac the fU3faace p . riphery ^ fc ^ £ ^ 

^! !r tt0 i lea * a combustion c^^, where a 

TTTZ ^ SM 18 • «• nominal gas 

6 m ' /hr mtUral * as « H^/nr air, leading to a lambda valul If 
1. During 2 hours, the mixture is gxadlially ^ ' ° f 

temperature of the furnace atmosphere reaches 1100 *c- this 
temperature is maintained for approximately 4 hours. Fumes ara 
collected using a cartridge filter, which i a en^tied every hour. ^ 
analyse of the fumes show* in Ta ble 1 is tha m6an ^ ^ 

hourly collected sample.. ^ fumea ^ rich ^ ^ ^Ph, present 
as znO and PbO,Pb S 0«. ^others- in Table i mainly consist, of Z£? 
and sulphur bound to the fumed metals, together with aome carr^. 

and^lo^l T CCi011 BtSP ' ^ ±S *— «* £ — the furnace 
and sampled for analyeia. The DRI obtained contains 88% of the Ao 

™T Si T I °* **• 74 - «- * — -3* of the £\£ 
related to the feed. a e lo w amount of Fe in the DRI (41 9%, ia 

caused by the dilution with coKes remnants and light^etal oxtL 
the obtained phi from classic dri-s, ^ fcypically contain SQ J 

in a second step, sand and limestone are added to the dri and the 
resulting mixture is loaded in an oxidising furnace. It is ZlZ 
under ^-atmoephere in a crucible and maintained at 1200 *c for about 

T£7^2 C fr ° m COteS «» oxidation of 

Pe to FeO. The amount of air needed for oxidation of the Pe to Pe O it 
calculated based on the. analysis of the DRI given in Table 1 
Production of F ea0i is avoided to obtain a slag with as low a'l i<wite 
temperature as possible. *he burning of co.ee and the conversioTof 
35 2Z^ t "* ^ t0 ™ »* ~ ^thout any o a 

After the oxidative smelting step, three separate phases were 
recovered: fumes, slag and a Cu-bearing phase. The fumes are 

40 ZlTALV^fT riltcr - Table 1 ahows «— *~ ~« 

W again rich in 2a and Kb* Thanks tr> i^,, ^ _ - 

uanKS to low total amount of fumes 

unoerT 1 T T ** ^ *»> ^ 

undergo a substantial concentration when related to the feed. 
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"'"V" 3 ?^^ Sa- 
rnie* and after formation of ™„ ~- ' . . ^_*u.^g_as_ 



25 



such and after formation Qr^^rrTrrT"^"*^^" 
e~rt- o*, ^ .. concrete containing 304 slag and 10% 

cement. *he tests were performed according to European nor* 7343 
whereby the material is bro k *n to a VS» of less ^ 4 ^ ^ 
percolated with acidified water. The leachability was assessed 
according to the ("Vlaema reglement voor arvalvotrZ^g-, 

slag and the slag-containing concrete proved to be well below the 
limits applicable to products intended for the building inZ^ 

TZotTZ^ ^ ^ ^ ^ Sepa ~ ted * dentation, 

leecnaol^ ^ ™" ^ analySiS ShOWS -ounts If 

leachable heavy metals, such as Pb. ensuring that an environmentally 
clean slag is obtained. The high Percentage of -others* in ^ «W 
is attributable to CaO, 310,, Mg 0 and Al a0j . * 

The Cu-alloy contains 85% of the A 9 and 80* of fcne Cu in the feed 
together with some impurities, mainly Fe, As, sfo, Sn . 

Table Is Material balance and metal . 

ana metal recovery per produced phase 



component 



Residue 



Cokes 



10000 



3000 



Pffd to ^Suction step "~ 



Q/04' 



Pb 



cu 



2,2 



2n 



27 P 0 



Fe 



23,0 



"07T 



s 



4,4 



0,4 



Ge 



o,ooa 



Others 



Component 



Xmpaxie""TDRl 
F*rsfc fumes 



Mass (g) 



5440 



4670 



coquets ot red.uc. tiorx"^E55: 



Ag 



0,07 



0,01 



0,54 



9,3 



4,0 



0,04 



Zn 
'37T 



53,4 



41,9 



0,60 



2,9 



6,3 



0,011 



0,005 



10 



Others 



36,7 



30,3 



Coinponent 



impure iskx 



Limestone 



Mass (g) 



5440 



1220 



800 



Opposition (^ fc . 



0,07 



0,64 



4,0 



Zn 



Fe 

*ai7T 



3,3 



Ge 



0,011 



c 

"Tor 



otrheurs 



36,7 



100 
"lOO" 



Component: 



Fe-slag 
cu^alioy 



Second Stones 



Hass (g) 



Produc ts o gWai^lug smelting step 

5 ow Position (wt.%) 



6780 



207 



186 



Ag 



<o,Q* 



1,8 



<0,01 



Kb 



0,10 



<0,1 



15,2 



Cu 



0,6 



85 



1/0 



zn 



2/2" 

"<6:t 

32, A 



Fa 



"317? 
1.0 



1,5 



2,0 
2,35 



<0,001 



<0.OQ1 



c 

<0,03 



<0,05 



62,2 



fi/23 
47,7 
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(Table 1 continued) 









(%) 










Caajponent 


Fraction 


Agr 


Pb 


cu 


Zn 


Pe 


S 


Ge 


7e-slag 


52 




" 1 


18 


5 


38 ' 


23 




Cu-^lloy 


2 


89' 




80 






1 




Flgrst fumes 


36 


ii" 


93 


1 




1 


65 


30 


Second fumes 


1 




6 


1 


'if 




11 


70 



She, invented process thus achieves the separation of the metals as 
follows: 

- Zn, Pb and a minor part of the 6e in first fumes which can be 
treated by known means for separation of Pb and Ge in. different 
residues, and Of Zn in a leach liquor; 

- Cu and Ag in an alloy which can be refined using a classical Cu and 
precious metals flowsheet; 

~ Ge in Beconfl fumas «•« greatly Oe-enriched and from which <5e 

can be refined cost-effectively; 

- PS in an inert, environmentally clean slag, reusable as e.g. gravel 
15 substitute in concrete. 
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1. Process fox the valorisation of metal values in a Zn-, Fe- and Pb- 
5 bearing residue, comprising the steps of: 

- subjecting the residue to a direct reduction step, thereby 
producing a reduced Fe-bearing phase and Zn- and Pb-bearing first 
fumes* 

~ extracting the Zn- and Pb-bearing first fumes and valorising Zix and 
10 Pb; 

"* sheeting the reduced Fe-bearing phase to an oxidising smelting 
step, thereby producing an Fe-bearing Blag and second metals -bearing 
fumes; 

- extracting the second metals-bearing fumes and valorising at least 
15 part of their metallic content. 

2. process according to claim 1, therein the Zn-, F e- and Pb-bearing 
residue is a neutral leach residue or a weak acid leach residue. 

20 3- Process according to claims 1 or 2, characterised in that during 
.,,.the .causing. -Step,. .Fe : .i_B .oxidised to ..mainly ^ep.in.the slag. 

4. Process according to claim 3, characterised in that an acidic flux 
and, preferably, also a basic flux are present in the oxidising 

25 smelting step. 

5. Process according to claims 1 or 4, characterised in that the Zn-, 
Fe- and Pb-bearing residue contains Cu and Ag, and that, during the ' 
oxidising smelting step r a separate Cu-alloy phase is produced . 

3D containing a major part of the Cu and Ag. 

6. Process according to any one of claims 1 to 5, characterised in 
that the an-, Fe- and Pb-bearing residue contains Ge, and that, after 
the direct reduction step, the fraction of the Ge present in the 
first fumes is separated and forwarded to the oxidising smelting 
step. 



35 



7. Process according to claim 6, whereby the separation of Ge is 
performed by co-precipitation with Fe hydroxide or by addition of 
40 tannic acid. 



8. Process according to any one of claims 1 to 7, whereby the first 
fumes are oxidised in the reactor used for the direct reduction step 
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9. Process according to any one of claims j. Co 8 , wher< ^ 

used for t ne direct reduction step i g a mulclple jJS^^LT 



5 



04/07 '03 VRI 14:15 FAX 32 14 24S873 



TMI CORE PATENT DEFT 



017 04.07.2003 



Ho 

14:21 



10 

ABSTRACT 



10 



15 Pb> 



20 



Recovery of aon-ferrous mafcala from zing residues 

The Invention relates to a process for the separation and recovery of 
non-ferrous metals from zinc-bearing residues, in particular from 
residues produced by the zinc manufacturing industry. 

The process allows for the valorisation of metal values in a Zn- f Fa, 
and Pb-bearing residue, and comprises the steps of -. 

- subjecting the residue to a direct reduction step, thereby 
producing a reduced Fe-baaxing phase and Zn- and Pb-bearing first 
fumes; 

- extracting the Zn- and Pb-bearing first fumes and valorising z n and 
Pbj 

- subjecting the reducea Fe-bearing phase to an oxidising smelting 
step, thereby producing an Fe-bearing slag and second metals-bearing 
fumes y 

- extracting the second metals-bearing fumes and valorising at least 
part of their metallic content. 

The main advantage of this process is that an environmentally '"" 
acceptable output for F& is obtained. 
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